Effect of microparticles and silver nanoparticles was studied on the production of hydrolytic enzymes by a potent phytaseproducing mould, Aspergillus oryzae SBS50. Addition of microparticles, viz. talc powder and aluminum oxide enhanced phytase production from 2894 to 3903 and 2847 to 4204 U/L, cellulase from 2529 to 4931 and 2455 to 3444 U/L, xylanase from 9067 to 9642 and 9994 to 14,783 U/L, amylase from 5880 to 11,000 and 6130 to 13,145 U/L, respectively. Fungal morphology was also engineered by the use of microparticles. Fungal pellet size was significantly reduced (~ 90%) by the addition of microparticles. Fermentation time was reduced from 4 to 3 days after the addition of microparticles, thus increasing the productivity of the enzymes significantly. These results confirmed the importance of microparticles in engineering fungal morphology for enhanced production of hydrolytic enzymes.
Introduction
Filamentous fungi have been used for the production of hydrolytic enzymes in submerged (Singh and Satyanarayana 2006; Sapna and Singh 2013) and solid-state fermentations (Singh and Satyanarayana 2008; Sapna and Singh 2014; Kumari et al. 2016) . Filamentous fungi are known to secrete a large number of hydrolytic enzymes beside phytases, resulting in decomposition of organic matter (Sapna and Singh 2014 ). This in turn will help in the management of environmental pollution and recycling of nutrients in the ecosystem. Optimization of fermentation conditions have resulted in improved production of hydrolytic enzymes Satyanarayana 2006, 2008; Singh 2013, 2014; Kumari et al. 2016) . Cultivation of filamentous fungi is commonly accompanied by several problems, like clumpy growth and insufficient mass transfer, which are responsible for lower enzyme yields. Microparticle addition is a novel approach for enhanced production of enzymes by filamentous fungi in submerged culture (Coban et al. 2015a, b; Driouch et al. 2012) . Microparticles also control morphology of filamentous fungi during fermentation by preventing bulk fungal growth (Coban et al. 2015a, b; Driouch et al. 2012) . Microparticles such as talc powder (magnesium silicate), aluminum oxide, and titanium oxide have been used for enhancing the production of enzymes by filamentous fungi. Driouch et al. (2012) reported enhanced production of fructofuranosidase and glucoamylase by A. niger AB1.13 and A. niger SKAn1015, respectively, in the presence TiSiO 4 with concomitant reduction in mycelial pellet diameter. Driouch et al. (2011) also reported that fructofuranosidase production by A. niger was enhanced by 3.5-fold in the presence of microparticles of either 10 g/L of talcum or 20 g/L aluminum oxide in the fermentation medium compared to the control. Coban et al. (2015a, b) reported improved production of phytase by A. niger after addition of microparticles in batch and continuous fermentations. Antecka et al. (2016) reported the enhanced production of laccases by two basidiomycetous fungi, viz. Cerrena unicolor Murr. strain 137 and Pleurotus sapidus DSM 8266 by the addition of microparticles in the medium. β-Mannanase production by A. sojae AsT1 was increased in submerged cultures after the addition of microparticles (Yatmaz et al. 2016) . This is the first report studying the effect of microparticles (talc powder, aluminum oxide and 1 3 283 Page 2 of 7 Sephadex G-50) and silver nanoparticles on production of hydrolytic enzymes by Aspergillus oryzae SBS50. In this present investigation, effect of microparticles on production of different hydrolytic enzymes (phytase, cellulase, xylanase and amylase) by a phytase-producing mould, A. oryzae SBS50, was studied.
Materials and methods

Microorganism, chemicals and culture conditions
Aspergillus oryzae SBS50 was selected as a potent phytase-producing fungus that secreted various hydrolytic enzymes beside phytase Singh 2014, 2017) . The fungus was grown on potato dextrose agar (PDA) slants at 30 °C for 72 h and stored at 4 °C on slants. The culture was routinely cultured on fresh agar slants. Sephadex G-50 (Product #G5080) and silver nanoparticles (Product #730807) were purchased from M/s. SigmaAldrich, USA.
Inoculum preparation
Spore suspension of the fungus was prepared from 72-h-old PDA slants by adding 25 mL of normal saline containing Tween 80 (0.1% v/v) followed by shaking and filtration. Spore suspension showing viable spore count of 4 × 10 7 (CFU/mL) was used for the inoculation of 50 mL medium during submerged fermentation Singh 2013, 2015) .
Submerged fermentation
Erlenmeyer flasks (250 mL) containing 50 mL of optimized production medium (Sapna and Singh 2013) were supplemented with 0, 10, 15, 20, and 25 g/L of aluminum oxide (Al 2 O 3 ) or talc powder. The optimized medium contained (g/L) starch 15, beef extract 8, FeSO 4 0.1 MgSO 4 ·7H 2 O 0.5, KCl 0.1. The pH of the medium was adjusted to 5.0 and flasks were autoclaved at 121 °C, 15 psi for 15 min. Thereafter, flasks were inoculated with spore suspension and incubated at 30 °C and 200 rpm for 96 h. Aliquot samples were collected from each flask and analyzed for phytase activity. Effect of incubation period on the production of hydrolytic enzymes was studied using aluminum oxide (1%) and talc powder (1.5%). A set of flasks was harvested after 24 h and analyzed for the determination of enzyme activities.
Effect of different concentrations of Sephadex G-50 (0.75-3.0%) and silver nanoparticles (0.01-0.1%) was also evaluated on the fungal morphology and the yields of hydrolytic enzymes.
Microscopy of fungal pellets
Fungal pellets collected from the shake flasks with various microparticle concentrations were rinsed with normal saline to remove excessive microparticles and medium components. Thereafter, selected average sizes of pellets from each sample were visually analyzed under inverted microscope (Nikon-TS100) with attached image analysis software. Three samples were analyzed for each treatment and their average values have been used.
Analytical procedure and enzyme assays
Fermented medium was filtered using Whatmann filter paper discs followed by centrifugation at 10,000 rpm for 10 min, and the cell-free supernatant was used as the source of enzymes.
Phytase was assayed by determining the amount of inorganic phosphorus released using calcium phytate (Sapna and Singh 2013 , 2015 , 2017 . The amount of free phosphate released was determined according to Fiske and Subbarow (1925) . One unit of phytase is the amount of enzyme required to liberate one µmole of inorganic phosphate per min under the assay conditions using KH 2 PO 4 as the standard.
Amylase, cellulase (CMCase) and xylanase present in the enzyme extracts were assayed at pH 5.0 and 50 °C using their respective substrates (0.5%) as described earlier (Sapna and Singh 2014) . The liberated reducing sugars were determined using dinitrosalicylic acid method (Miller 1959) . One unit of each enzyme is defined as the amount of enzyme that liberates 1 µmol of product per ml per min under the assay conditions.
All experiments were carried out in triplicates and their mean values are presented.
Results
Effect of different microparticles on production of hydrolytic enzymes by A. oryzae SBS50 in submerged cultivation
Addition of aluminum oxide increased the production of all the hydrolytic enzymes up to a level of 1.0% followed by decline afterwards (Fig. 1a ). An overall 35, 40, 6 and 87% increase in, phytase, cellulase, xylanase and amylase production was attained after the addition of aluminum oxide in the medium, respectively. Addition of talc powder also increased the production of all the hydrolytic enzymes up to a level of 1.5% followed reduction at higher concentrations (Fig. 1b) . An overall 48, 95, 48 and 163% increase in phytase, cellulase, xylanase and amylase production was attained after the addition of talc powder in the medium, respectively. These results suggested that talc powder supported higher production of all the hydrolases as compared to aluminum oxide.
Effect of incubation time on the production of hydrolytic enzymes
Addition of microparticles (talc powder and aluminum oxide) supported higher production of hydrolytic enzymes as compared to control. Therefore, the effect of incubation time was assessed on the production of hydrolytic enzymes in control and microparticle-supplemented medium. Maximum production of all the enzymes was recorded after 4 days of fermentation followed by decline afterwards in the control medium (Fig. 2a) . But addition of microparticle in the medium resulted in the production of all the hydrolytic Fig. 1 a Effect of different concentrations of aluminum oxide on the production of hydrolytic enzymes by A. oryzae SBS50 in submerged culture after 4 days. b Effect of different concentrations of talc powder on the production of hydrolytic enzymes by A. oryzae SBS50 in submerged culture after 4 days Fig. 2 a Effect of incubation time on the production of hydrolytic enzymes by A. oryzae SBS50 in submerged culture without the addition of microparticles. b Effect of incubation time on the production of hydrolytic enzymes by A. oryzae SBS50 in submerged cultures supplemented with aluminum oxide (1.0%). c Effect of incubation time on the production of hydrolytic enzymes by A. oryzae SBS50 in submerged cultures supplemented with talc powder (1.5%) enzymes after 3 days of incubation (Fig. 2b, c) . This in turn increased the productivity of all enzymes as compared to control (Table 1) .
Effect of microparticles on fungal morphology in submerged fermentation
Fungal pellet size was reduced significantly after the addition of microparticles in the production medium (Fig. 3a,  b) . The average fungal pellet diameter was measured as 4000 ± 124 µm in control fermentations. Size of the fungal pellet was significantly reduced after the addition of 1.5% of microparticles; however, the effect was higher in talc powder as compared to aluminum oxide. Addition of 1.5% of aluminum oxide and talcum powder resulted in reduction of the average fungal pellet size to 1195 ± 49 and 1050 ± 48 µm, respectively (Fig. 3a) . About 87-89% reduction in fungal pellet size was observed after addition of both microparticles at a level of 2.5% in the medium. It was observed that fungal growth was homogenously dispersed in the fermentation medium in talcum-added media, whereas clumpy fungal growth was observed in the control medium. Micrographs showed significant decrease in pellet size with increasing concentrations of microparticles (Fig. 3b) . Better effect of talc powder than aluminum oxide could be due to differences in mean particle sizes of these two microparticles as the talc powder has a smaller diameter in comparison to aluminum oxide particles that resulted in better mass transfer in the production medium. These observations suggested that microparticles have resulted in smaller pellet size and higher yields of all the hydrolytic enzymes but their higher concentrations negatively affected the production of hydrolases by A. oryzae.
Effect of Sephadex G-50 and silver nanoparticles on production of hydrolytic enzymes by A. oryzae SBS50 in submerged cultures
Among all the concentrations tested, Sephadex G-50 at 1.5% level supported improved production of all the hydrolytic enzymes as compared to control. However, the effect was lower than microparticles, i.e., talc powder and aluminum oxide. Interestingly, xylanase production was higher at 1.0% level followed by decline afterwards. Addition of gel beads also reduced the size of fungal pellets as compared to control. Addition of silver nanoparticles showed differential effects on the production of hydrolytic enzymes. Only phytase production was significantly increased after the addition of nanoparticles in the medium while the production of other hydrolases decreased significantly. 
Discussion
Cultivation of filamentous fungi in submerged culture is more complicated as compared to bacteria as moulds show different morphologies dependent on the age of mycelium, cultivation media composition, pH shifting and mechanical stress (Coban et al. 2015a; Antecka et al. 2016) . Complex morphology of filamentous fungi is a sophisticated problem during submerged culture as it affects the synthesis of microbial enzymes (Coban et al. 2015a, b; Antecka et al. 2016; Yatmaz et al. 2016) . Microparticle addition has increased the production of all the hydrolytic enzymes up to a level of 1.0% followed by decline afterwards. Reduction in the production of hydrolytic enzymes at higher concentrations of microparticles could be due to increased viscosity of the medium as a result of very small fungal structural growth (Coban et al. 2015a, b; Antecka et al. 2016; Yatmaz et al. 2016 ). Higher concentrations of the particles are also responsible for drastic shift in pH and interact with fungal pellets causing shear stress (Coban et al. 2015a ). This in turn negatively affected the mass transfer and consequently fungal growth resulting in lower enzyme yields. Similarly, addition of microparticles (talc powder and aluminum oxide) resulted in higher phytase production by A. ficuum at 1.5% levels as compared to control (Coban et al. 2015a ). Talcum powder enhanced chloroperoxidase production by Caldariomyces fumago (Kaup et al. 2008 ). Addition of aluminum oxide resulted in enhanced production of xylanolytic and cellulolytic enzymes by a thermophilic mould Sporotrichum thermophile BJAMDU5 as compared to talc powder and control (Bala and Singh 2016) . Driouch et al. (2011) observed enhanced production of fructofuranosidase and glucoamylase by A. niger after the addition of talc powder in the medium. Antecka et al. (2016) observed the enhanced production of laccases by C. unicolor and P. sapidus by the addition of talcum and aluminum oxide in the medium. Yatmaz et al. (2016) reported the enhanced production of β-mannanase by A. sojae AsT1 in submerged cultures supplemented with talcum and aluminum oxide. Addition of microparticles has resulted in differential effect on the production of various hydrolytic enzymes by different microorganisms (Table 2) . Production of microbial enzymes was enhanced in the range from 1.1-to 10.0-fold after the addition of microparticles ( Table 2) . Addition of microparticles (talc powder and aluminum oxide) resulted in the production of all enzymes after 3 days instead of 4 days thereby, increasing the productivity of all enzymes as compared to control. Similarly, addition of microparticles reduced the fermentation time from 5 to 4 days for phytase production by A. ficuum with concomitant increase in productivity (Coban et al. 2015a ). Antecka et al. (2016) also observed reduction in fermentation time for laccase production by C. unicolor and P. sapidus by the addition of talcum and aluminum oxide in the medium.
Fungal pellet size was reduced significantly after addition of microparticles in the production medium resulting into homogenous and dispersed fungal growth. Therefore, microparticle especially talc powder resulted in smaller fungal pellets and more homogenous broth responsible for increasing the nutrient consumption and enzyme production as compared to control (Coban et al. 2015a, b) . Microparticles prevent the initial aggregation of conidiospores resulting in the formation of dispersed mycelium instead of large mycelial pellets (Nielsen 1996) . Conidiospore aggregation is disrupted by microparticles as a result of collision during shake flask cultivation and thus, minimizing spore-spore interactions (Kaup et al. 2008) . Coban et al. (2015a, b) also reported decrease in size of fungal pellets supplemented with microparticles which in turn enhanced phytase production. Kaup et al. (2008) also observed dispersed mycelia of C. fumago due to reduction in the size of fungal pellets after the addition of aluminum oxide and talc powder. Driouch et al. (2011) reported that the physical properties of the microparticles play a significant role in engineering fungal morphology and metabolite production. Kaup et al. (2008) also observed dispersed mycelia of C. fumago when medium was supplemented with microparticles with a diameter of ≤ 42 µm. Antecka et al. (2016) observed reduction in pellets of C. unicolor and P. sapidus for laccase production by the addition of microparticles in the medium. Yatmaz et al. (2016) also reported the enhanced production of β-mannanase by A. sojae AsT1 in submerged cultures supplemented with microparticles with concomitant reduction in size of fungal pellets. These observations suggested that microparticles have resulted in smaller pellet size and higher yields of all the hydrolytic enzymes but their higher concentrations negatively affected the production of hydrolases by A. oryzae. Sephadex G-50 beads improved production of all the hydrolytic enzymes as compared to control. There is no report in the literature so far on the role of Sephadex G-50 in the production of microbial enzymes. However, Sephadex beads may have shown effect similar to microparticles but the exact mechanism and reason for their action is still unknown. Addition of silver nanoparticles showed differential effects on the production of hydrolytic enzymes. Similarly, addition of nickel-cobaltite nanoparticles enhanced the production of cellulases by Aspergillus fumigatus NS (Srivastava et al. 2014) . Mukhopadhyay et al. (2012) reported improved production of pectate lyase by Bacillus megaterium using hydroxyapatite nanoparticles. In contrast, production of β-glucosidase, β-xylosidase and cellobiohydrolase was decreased in the presence of iron and copper nanoparticles while the production of Mn peroxidase remains unaffected (Shah et al. 2010 ). Production of β-glucosidase by Saccharomyces cerevisiae was enhanced after the addition of zinc oxide nanoparticles in the medium (Ban and Paul 2014) .
Conclusions
Addition of microparticles (aluminum oxide and talc powder) enhanced the production of phytase and other hydrolytic enzymes such as phytase, xylanase, cellulase and amylase by A. oryzae SBS50. Microparticle also engineered the fungal morphology resulting in the significant reduction in fungal pellet size with concomitant reduction in fermentation time. Production of all enzymes was also increased by the addition of Sephadex G-50 and silver nanoparticles. Addition of microparticles and nanoparticles revealed their importance in engineering fungal morphology in submerged fermentation.
